ABSTRACT In this paper, an arrow-shaped, dual-polarized antenna is demonstrated. It mainly contains five parts: the arrow-shaped dipoles, feed substrates, circular radiator, bedframe, and reflector. Both of the two dipoles of the proposed antenna participate the synthetic process, which is quite different from the working mode of the conventional crossed dipole antenna. A circular radiator is then suspended above the dipoles to further broaden the bandwidth. The proposed antenna element can provide a measured bandwidth of 34% (|S 11 | < −14 dB or VSWR < 1.5) from 0.69 to 0.97 GHz. Besides, due to the vector synthetic futures, high isolation over 26 dB is obtained. A 4 × 4 array is presented and verified in simulation. By assigning each antenna element with different amplitude and phase, the antenna array could provide 10∼14 • downtilt in V-plane and three-beam radiation in H-plane. Thus, the antenna array could precisely control the coverage area and substantially improve the communication capacity. All the results reveal that the antenna is suitable for the hot spots communication which needs high speed and high capacity.
I. INTRODUCTION
In recent years, more and more communication standards (2G∼5G) have been proposed. These communication standards are in a state of long-term coexistence rather than reciprocal substitution. For the purpose of enhancing the data transmission speed and reducing the infrastructure investment, base station antennas are expected to simultaneously support multi-frequency band. On the other hand, the dual polarization technology are recognized as an effective way to combat the multipath fading and improve signal reception quality. Combine the above statements, the base station antennas which can cover LTE 700 (698-806 MHz), CDMA 800 (825-880 MHz) and GSM 900 (909-960 MHz) bands with dual polarization feature are very promising in modern communication systems. Researchers have done a lot of work [1] - [8] regarding to the dual-polarized antenna working at these lower bands.
In this paper, an arrow-shaped, dual-polarized antenna is developed. It has similar working principle with our contemporaneous work [9] , but in a different way. The proposed antenna mainly consists of two arrow-shaped dipoles settled along the axial direction, and two feed substrates settled along the ±45 • direction. When one of the ports is excited, these two arrow-shaped dipoles are stimulated simultaneously, synthesizing the ±45 • polarized radiation. A circular radiator is appended on the top of the dipoles to broaden the bandwidth. The antenna element can eventually operate from 690 MHz to 960 MHz with high port isolation and good radiation performance.
With the explosive growth of the subscribers, the channel capacity is increasingly becoming a bottleneck of the development of the mobile communication system. The common way to expand the capacity mainly include adding new sites or using multi-sector network. Adding new sites need the large investment and long construction period, so it is difficult to be applied. Many telecom operators prefer to use the multisector network to improve spectrum efficiency. They usually use six antennas with 33 • HPBW to cover the six sectors. However, the interference between the contiguous sectors is serious, and the numbers of antennas will be doubled. To solve the problem, one can use three-beam splitting antennas to cover nine sectors. Each antenna provides three beams to guarantee a 120 • coverage in the azimuth plane. This method can greatly save the tower space and achieve a smooth upgrade and expansion. On the basis of the above statements, a 4×4 antenna array with beam splitting characteristics is simulated to verify the principle.
II. ANTENNA DESIGN
In this paper, an arrow-shaped, dual-polarized antenna is presented. The full and top view of the antenna are shown in Fig. 1(a) and Fig. 1(b) , separately. The proposed antenna consists of two arrow-shaped dipoles, feed substrates 1 and 2, circular radiator, bedframe and metal reflector. The two arrow-shaped dipoles are separately settled along the axial direction, and the two feed substrates are along the ±45 • direction. Such arrangement facilitate the energy generated by the feeding structure being coupled to the dipoles, generating a resonant point at 0.7 GHz. Then, a circular radiator is added above the dipoles and feed substrates. The induced current on the circular radiator can generate another resonant frequency point at 0.95 GHz, merging with the original frequency point. On the bottom side of the dipoles and feed substrates, there is a one-side copper clad bedframe mounted on a 1-mm thick aluminum reflector. The size of the reflector is chosen as about 0.85λ 0 (where λ 0 represents the free-space wavelength at 0.825 GHz) to get higher gain and reasonable HPBWs. Fig. 2(a) shows the configuration of the arrow-shaped dipole. It contains two parts, one is the traditionally straight dipole which is printed on the FR-4 epoxy substrate, and the other is the vertical bent aluminum plates which are inserted in the both sides of the dipole's substrate. Since the dipole shape seems like an arrow when looked from the top, we call it 'arrow-shaped' dipole. The height and arm length of the straight dipole is chosen as quarter and half wavelength at the center frequency point according to the antenna theory. Fig. 2(b) gives the configuration of the feed substrate. Different from the regular feed structure which has balun on the front side and balun ground on the back side, the one involved in this paper only has one feeding line on the one side of the substrate. This is because the vertical bent aluminum plates here could be served as the balun ground. When any port is motivated, the energy would go through the unbalance-to-balance transition structure and be coupled to the dipoles. This transition structure embraces the VOLUME 6, 2018 feeding line, the vertical bent plates and the gap between the dipole arms. To change the dimensions of these structures can adjust the impedance matching level. In addition, several slots are set on the substrates to facilitate the fixation. The parameters of the antenna are as follows (in millimeters):
Compared with the conventional crossed dipole antenna, the working mechanism of proposed antenna is quite different. For illustration, a sketch of the vector current distribution of the antenna is plotted in Fig. 3 . The red arrow represents the current on the dipoles, the green one represents the current on the circular radiator, and the blue one represents the current on the feeding line. As is seen, when dipole 1 is excited, the current on its arm is along -x-axis, while the current on the dipole 2's arm is along -y-axis. Their vector synthesis orientation is in the −45 • direction. On the circular radiator, arc-like currents can be observed. Its vector synthesis orientation is still in the −45 • direction. Therefore, the direction of polarization is in the −45 • direction when dipole 1 is excited. Similarly, when dipole 2 is excited, the direction of polarization is in the
The proposed antenna has been prototyped for measurement, as shown in Fig. 4 . The simulated and measured S-parameters of the antenna are shown in Fig. 5 . It can be seen that a wide impedance bandwidth from 0.69 to 0.97 GHz is achieved. In this operation band, a high measured isolation over 26 dB is obtained.
The simulated and measured radiation patterns at 0.69, 0.825 and 0.96 GHz are depicted in Fig. 6 . The patterns at H-plane (xoz-plane) is very similar to the ones at V-plane (yoz-plane), which benefits from the high symmetry of the antenna geometry. The radiation performance is tabulated in Table I in order to be more intuitive. Fig. 7 gives the simulated and measured results of gains and HPBWs when dipole 1 is excited. As we can see, the measured gains are ranging from 7.9 to 8.3 dBi. The measured Fig. 8 shows the geometry of the 4×4 antenna array. For simplicity, only the ports of one polarization are marked out. The distance between the adjacent elements are about 0.64λ 0 , which is a compromise value between the gain and sidelobes suppression. In simulation process, we can assign the phase for each antenna element to realize downtilt and beam splitting function. Specifically, the phases of the ports along x-axis are set with a phase difference of 50 • to realize downtilt in V-plane. The phases of the ports along y-axis are excited with a phase difference of 100 • , 0 • or −100 • to realize left, middle or right beam splitting. Further, the magnitudes of the ports need to be present taper distribution, aiming to suppress the sidelobes in both H-plane and V-plane. The output magnitudes and phases of these ports are listed in Table II , in which the underlined number in the third column stands for the relative phases that control the beam scanning, while the other number stands for the relative phases that control the downtilt.
B. ELECTRICAL AND RADIATION PERFORMANCE OF ANTENNA ARRAY
The simulated S-parameters and gains are given in Fig. 9 . The output ports of the whole antenna array are designated as 'Port 1' and 'Port 2' for ease of description. It shows that the array can provide a bandwidth of 36.1% (0.68 GHz -0.98 GHz) and an isolation of higher than 26 dB over the entire working band. The average gains for three beams are about 17.6 dBi.
Figs. 10 and 11 exhibits the simulated patterns of the array. It can provide a downtilt in the range of 10 • to 14 • at V-pane, and provide the horizontal beam point in the range of −26 • to −24 • for left beam, 0 • for middle beam and 24 • to 26 • for right beam at H-pane. Its ±60 • level is about −12 dB in H-plane. The cross levels at the junction of the left and right beam are around −3 dB. Additionally, due to the adoption of tapering magnitude, the sidelobes of the patterns at H-plane and V-plane are less than −12 dB. The array can provide three beams to guarantee a 120 • coverage in the azimuth plane. Nine sectors coverage can be implemented by three such antennas in one base station. Thus, the tower space can be greatly saved and smooth upgrade and expansion can be realized. 
IV. CONCLUSION
An arrow-shaped, dual-polarized antenna is proposed. The antenna element is composed of two arrow-shaped dipoles, two feed substrates, circular radiator, bedframe and reflector. We have made a thorough discussion on its working principle. In order to achieve the accurate coverage of the beam and enhance the channel capacity, the downtilt and threebeam splitting technique are utilized in the meantime. As a result, the antenna could not only cover the 0.69 GHz to 0.96 GHz with high port isolation, but also provide a downtilt of 10 • −14 • in V-plane and three beams of 120 • coverage in H-plane. The antenna with such advantages can be applied in the hot spots communication which needs high speed and high capacity.
